INTRODUCTION
The purpose of the stress relieving operation of cold wound helical springs is to remove the induced stresses that are caused by the coiling operation and thereby increase the elastic properties of the spring material.
The stress relieving operation is accomplished by subjecting the springs to a temperature of 400 -900°F (depending on type of material) for approximately 30 minutes.
It has been recommended by some investigators that the stress relieving operation should be done as soon as possible after coiling to minimize the possibility of crack initiation. It was pointed out that the elastic limit of most spring materials was 60 -70% of the tensile strength. This results in a comparatively narrow range of stresses between the elastic limit and tne tensile strength of the material within which the spring must be formed. Coilina stresses of necessity must exceed the elastic limit, but cannot exceed the ultimate strength. It was felt that under some conditions the coilinq operation may produce trapped residual stresses that could initiate surface cracks if they were not removed promptly after coiling.
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DISCUSSION
Material and Test Procedures
The helical compression springs that were used in this program were fabricated from the following spring tempered materials and given the specified stress relieving treatments.
Wire diameter of .050 inch was used for all the material types. Six basic spring designs with indexes of 3, 5, 7, 9, 11 and 13 were prepared for this program. The spring index is defined as the ratio of the mean coil diameter to the wire diameter. Detailed specifications for these designs are given in the Appendix. Thirty springs of each design were fabricated from each material; a grand total of 720 springs were produced.
Each group of 30 springs was divided into three sets of 10 springs each and the time to start the stress relieving operation varied as follows:
Set # I -Stress relieve immediately after coiling. Set # 2 -Stress relieve one hour after coiling.
Set It 3 -Stress relieve 24 hours after coiling. Prior to coiling, all material was examined thoroughly 'for surface defects with the aid of a binocular microsope.
No cracks or surface defects were observed and the material was accepted for coiling. The material vas re-examined after coiling and was found free of surface defects. After stress relieving, all springs were preset by compressing to solid height three times. VTest fixtures were designed and fabricated. The springs were endurance tested on a Krouse spring tester at a rate of 1000 cycles/minute. A photograph of a test spring assembled onto the fixture is included in the Appendix. Testing was performed between the stress levels of 100,000 psi and 170,000 psi for all springs. Measurements were taken on free heights and spring loads periodically during the tests. Approximately 80% of the testing was completed when it was decided to terminate the remaining scheduled endurance tests. The decision was based on the fact that the generated test data showed no apparent trend or consistent pattern from which to draw conclusions as to an optimum time to stress relieve springs. It was expected, based on recommendations by other investigators, that the springs that were stress relieved immediately after coiling would have longer life because of the fact that the induced uoiling stresses which may be detK': antal to the wire material were removed promptly; howvever, test data did not substantiate this supposition.
Test Results
The springs were endurance tested until breakage or 500,000 cycles were completed, whichever occured first. All of the music wire sprinqs were tested and a qraphical representation of the endurance life of each music wire spring is shown on the graphs in the Appendix.
The following A statistical analysis was performed in an attempt to detect any significant differences in the widely dispersed data. A test, called the unbiased test', was made to statistically compare the sample means (7). The test is based on the assumption that the data has a normal distribution with an unknown mean fatique life, p. If p, is the mean life for one heat treatment a 1 od p 2 is the mean for another treatment whose life is believed to be longer because of the time at which it was heat treated, then the hypothesis that P, = P2 or 02 -Il = 0 is tested against the alternative
By computing the value of t, derived in the reference, from the sample means and assuming V 2 -= 0 we can test our hypothesis. Choose a number (a) from the "student's" distribution tables with n, + n 2 -2 degrees of freedom so that:
where a = level of confidence we have in saying that the life * obtained with one delay before heat treatment is statistically longer than the life obtained by using a different time delay before heat treatment. The statistical comparison takes into account the sample size and variance.
If t is a larger value than a then we reject the hypothesis The results of analyzing the data (see the following Tables) for stainless steel and nickel chromium do not support the contention that immediate heat treatment is necessary. In some cases the wait was detrimental and in other cases it was beneficial.
Inspection of the breakage data for the music wire and chrome vanadium springs indicated that the timing of stress relief had no effect on spring life over a cycle life equivalent to 50 times the expected Army life usage.
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CONCLUSIONS
It is concluded from the analysis of the test data that the time interval between the coiling and stress relieving operations has no effect on the endurance properties of the four spring materials that were investigated. Therefore, it is not necessary for springs fabricated from these materials to be stress relieved immediately after coiling.
The large amount of spring breakage that occurred in this test program is attributed to the severe conditions of the cycling tests, particularly the maximum working stress level of 170,000 psi.
Analysis of the test results also indicates that there is more breakage with springs of smaller index than with springs of higher index, particularly for the music wire springs.
One reason for this is that the stress concentration at the inner diameter of the coiled wire is inversely proportional to the spring index.
Another conclusion not directly related to the objective of the project is that music wire and chrome vanadium are superior materials to stainless steel and nickel chromium for spring applications where the operating stress levels are between 100,000 and 170,000 psi. This conclusion is based on the significantly larger amount of breakage for the latter two materials and agrees with most spring manuals which recommend music wire and chrome vanadium for high stress applications under repeated loading. Recommended design stress levels for these two materials are much higher than values given for stainless steel and nickel chromium.
RECOMMENDATIONS
It is recommended that no further effort be made to study the effect of the time interval between the coiling and stress relieving operations on the endurance properties of the four investigated spring materials. Specifications -Spring Design # 6
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